Several information technological aids are currently available. The vast majority of these are software packages that are either databases (e.g., Medline) or multimedia presentations. They are primarily used in medical education for seeking specific information. With the exception of physiology simulators (see, e.g., BODY), there are only a few highly interactive programs currently available and particularly few educational simulators.
Simulation is now seen as an educational intervention to reduce the numbers of human errors and adverse events (Kohn, Corrigan, & Donaldson, 2000) . In the acute areas of medicine, such as resuscitation and anesthesiology, full-scale simulators have been used for many years for problem-based training and education (Chopra, Engbers, et al., 1994; Christensen, Andersen, Jacobsen, Jensen, & Ørding, 1997; Euliano & Good, 1997; Gaba & DeAnda, 1988; Rettedal, Freier, Ragna, & Petter, 1996) . A few microsimulators (PC simulators) have been available since the late 1980s aimed primarily at training relatively simple algorithms. Recently, a new generation of simulators has been developed for teaching both more complex problem-solving as well as aiding specific knowledge acquisition.
Simulation achieves interaction with a variety of critical scenarios quickly and efficiently without harm to patients. Rare, but time-critical, conditions may be practiced and replayed by the user (Gaba, 2000) . Intelligent debriefing allows instant feedback to the participant, and provides awareness of deficiencies in knowledge. Simulators can also be used to evaluate the knowledge and performance of health care personnel, completing the educational feedback loop and ensuring the quality of the education. Simulation also provides a unique setting for conducting research on human errors and patient safety in a standardized environment with no risks to patients Full-scale simulators are valuable tools for team training, crew resource management, leadership and communication (Holzman et al., 1995; Howard, Gaba, Fish, Yang, & Sarnquist, 1992; Marsch, 1998; Small et al., 1999) . Microsimulators represent an opportunity to extend this field into a wide variety of problem-based learning areas, increasing skills, diagnostic acumen and ultimately benefiting patients.
Educational medical simulators
Medical simulators can be divided into micro or macrosimulators (see Table 1 ). Macrosimulators have a physical component, usually a mannequin or a part thereof, while microsimulators are purely desktop computer-based simulators. Both groups can be further segmented into simple and complex simulators depending on the complexity of the topic to be learned. While the micro/macro axis is discrete, the complexity axis is not. Simple simulators, often called part-task simulators, teach simple algorithms or procedures with only few aspects involved. Complex simulators are aimed at more complex issues that integrate several aspects of a problem. The four types of simulators have characteristic advantages and disadvantages (see Table 2 ). It is important to notice that the technical complexity of the implementation is orthogonal to the
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complexity of the topic to be learned. There are several technically complex, but educationally simple macrosimulators and microsimulators.
Macrosimulators
Complex macrosimulators are typically used for anesthesia or resuscitation training. This group of simulators includes the "Megacode" simulators for Advanced Life Support training (e.g., Ambu Megacode, Laerdal HeartSim 4000, and Laerdal SimMan) and the full-scale anesthesiology simulators (i.e., Medsim, Meti). They combine an advanced manikin (with palpable pulses, electrocardiography, spontaneous breathing) with a PC or workstation. Computer algorithms are used to model human physiology/pathophysiology and pharmacokinetics/dynamics, but an operator is still required to run the simulator, as well as several trained participants to teach each scenario. The simple macrosimulators range from advanced virtual reality simulators with haptic "force" feedback (Ursino, Tasto, Nguyen, Cunningham, & Merril, 1999; Bro-Nielsen, Tasto, Cunningham, & Merril, 1999) to simple mechanical manikins for the training of chest compression and ventilation (e.g., Ambu Man or Laerdal Resusci Anne).
Macrosimulators provide a chance to perform manual procedures with or without complex problem solving activity. They are used to train specific procedures such as intubation, insertion of lines, chest compression, ventilation, 1 and complex situations where several team members have to cooperate to solve a problem. The complex simulators represent a unique opportunity for teaching behavioral and interpersonal aspects of performance. They are typically run by instructors who run both the scenarios and the post-simulation debriefing.
There are, however, significant limitations to the use of macrosimulators. Their physical setup means that the simulations must take place in a specific environment. If transportable, they take considerable amounts of time and manpower to set up in each new location. This is particularly true for the full-body simulators for anesthesia and intensive care; hence, these are usually only established in dedicated simulator centers. Simple simulators such as intubation manikins are more easily transported. Full-scale training must also be coordinated between several people (instructors, operators and participants)-a problem that further limits the access to full-scale simulation. Despite 10 years of full-scale simulator use, there is still great difficulty in achieving their full potential in the teaching of medical problem solving. Studies have shown that many of the breaches of protocols made during clinical care are related to a lack of knowledge about the correct algorithms to follow, drug dosages, and clinical reasoning (Jensen, 1997; Lindekaer, Jacobsen, Andersen, Laub, & Jensen, 1997 )-most of which may be addressed by microsimulator use.
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Microsimulators
Microsimulators provide autonomous, cognitive training. They differ fundamentally from macrosimulators in that they do not have an operator to run the simulations and provide educational feedback. This is not important for most simple microsimulators (where GASMAN is an outstanding example). However, for complex microsimulators, it is of vital importance that they are able to run and debrief the scenarios autonomously.
Microsimulators have the clear advantage of accessibility, as most people have access to a PC either at work or at home. The programs are relatively inexpensive ($80-$200) and can be used in an informal way. On the complexity scale, the microsimulators cannot address issues at quite the same complexity level as macrosimulators. They can primarily be used for cognitive training at a cognitive level but cannot, of course, cover training in crew resource management, leadership, and communication. Microsimulators can be used to learn and practice cognitive problemsolving strategies in many different clinical cases. This allows the more expensive, full-scale training to be focused on developing and extending the remaining issues.
Microsimulators provide an opportunity for systematic learning and practice of a wide range of cognitive issues. They may be able train the user at a higher cognitive complexity level than the macrosimulators due to the easier access to the simulators and the systematic feedback opportunities (high quantity and focus of training). Microsimulation also opens possibilities for simulation of scenarios where the decision making is context specific. When laypersons apply basic life survival skills, the surroundings play an important role in the decision making process. This contrasts with full-scale simulation or role-playing, where the surroundings have to be imagined. The implications for microsimulation of disasters or accidents are clear. However, it must be emphasized that microsimulation can only be used to develop knowledge and problem-solving strategies, it deals less well with human factors. The stress of real-life situations cannot be reproduced in microsimulations.
The ideal complex microsimulator is able to provide credible simulations with intelligent, context-specific evaluation of the performance during a simulation. Complex microsimulators are often confused with multimedia applications that are based primarily on one-way communication of knowledge from the PC to the user. The two approaches are fundamentally different. The main difference between the two is to which extent the user is involved in the problem solving. Simulation is considered closer to "practice by doing." Well-made simulators give the user a feeling of actively solving the problem, while many multimedia programs tend to stimulate passive acquisition of knowledge similar to video teaching and reading.
Complex microsimulators with intelligent and focused feedback are rare and the present penetration and use of microsimulation is presently rather limited.
RESUSSIM
Aimed at exploring the possibilities of more widely accessible simulators, RESUSSIM 98 (1998) was designed with the aim of teaching advanced cardiac life support algorithms (Christensen, Heffernan, Andersen, & Jensen, 1998) . It was based on full-scale simulator research and developed skills and knowledge in cardiac arrest management. This simulator also developed an autonomous debriefing module that was designed to resemble the debriefing from a full-scale simulator session. This allowed the user to learn from his or her mistakes during the simulations, and a hyperlink system allowed rapid access to current international algorithms. The idea of algorithm training on computers is not new. A few early microsimulators had been made during the late 1980s and 1990s, but the concept of trying specifically to supplement full-scale training, and the more elaborate debriefing, made the RESUSSIM 98 project different. The project was endorsed by several international authorities including the European Resuscitation Council, the Australian Resuscitation Council and the Resuscitation Council of Southern Africa.
A second generation of simulators has recently been produced to allow development of more complex microsimulators. Feedback to the user is crucial to the outcome of the learning process, therefore the focus has been on development of a new intelligent debriefing system Automatic Intelligent Debriefing (AID). In addition, a new generic patient engine allows simulation of a wide variety of patients including awake patients. The user interface has been optimized to handle a very large number of interactions, allowing the user access to all the tools and interventions from his or her daily work. The user interface from RESUSSIM PREHOSPITAL (2000) appears in Figure 1 .
Debriefing in medical simulation
Microsimulation and macrosimulation differ significantly when it comes to debriefing-the heart of all simulation. Relevant and intelligent feedback is central for both the complex microsimulation and macrosimulation. In complex full-scale simulation, the participants are debriefed by the instructor guiding the scenario. The challenge is enabling instructors to perform a wide range of skills in interpersonal and pedagogical, as well as medical areas. In microsimulation, the major challenge is the demand for autonomy. From the long series of user tests carried out by the medical and technical staff at Sophus Medical, it is clear that focused, individual feedback is more highly regarded than standardized and less focused feedback. Standardized feedback is generated by subtracting the actual performance from a given set of recommendations, producing a banal "error signal" of the performance. Focused feedback optimally evaluates the learner and provides feedback on the actual performance. It is based on the assumption that he or she tried to perform optimally, but needs some help in improving performance.
The technical difficulties in autonomously evaluating individual performance are great. The user often addresses more than one issue concurrently. For example, advanced airway management may be performed at the same time as following a specific algorithm for a cardiac condition. This presents serious problems when it comes to evaluating the performance, as the user does not clearly mark which action belongs to one strategy or another. In addition, several actions may be relevant, but not critical to the problem, complicating the debriefing further. Optimal debriefing technology must be able to distinguish between important and less important actions and mistakes.
In RESUSSIM PREHOSPITAL, a new debriefing technology, AID, has been used. The AID technology has been developed based on modern research in pattern recognition. AID is capable of detecting different algorithms mixed in a sequence of actions and is able to prioritize actions and mistakes. AID can provide feedback on part of the treatment (e.g., the cardiac treatment algorithm) without being "disturbed" by the other actions performed in parallel. An example debriefing is depicted in Figure 2 . A simple first-generation technology for evaluating metastructures in the performance has also been developed, but is still vulnerable to increasing complexity in the performance of the user. The limited present use of microsimulators may be due to the lack of relevant feed-back technology. However, this may change as new and more advanced microsimulators emerge.
Users of the microsimulators often characterize intelligent feedback as enabling technology. This is clearly supported by the theoretical background of the design of the simulators. Without relevant and focused feedback microsimulation is less relevant as the user is left alone with whatever initial knowledge and skills he or she may possess.
Discussion
Further research is needed to clarify the appropriate and optimal use of the various new teaching aids. Only very limited and preliminary scientific evidence is available concerning the performance assessment of both macrosimulators (Chopra, Gesnick, et al., 1994; Jacobsen et al., 1998; Schwid, Rooke, Ross, & Sivarajan, 1999) and microsimulators (Lippert, Østergaard, et al., 2000; Schwid et al., 1999) . Nevertheless, simulation is considered one of the most important measures to reduce human error and improve patient safety and should be seriously addressed despite the lack of scientific evidence. Macrosimulators have limitations due to restricted access, logistical difficulties, and cost. Other methods to enhance and focus the training in full-scale simulators need to be explored. Microsimulators represent an excellent possibility to provide simulator training to a large number of users, with complex microsimulators offering problem-based learning. Simple macrosimulators should be used to train manual skills as a supplement to complex full-scale simulation.
In the future, complex microsimulators may be improved in two major areas, realism and feedback. Realism can approach reality, as seen in aviation simulators. Data . Feedback is much more important, debriefing must be further individualized. The existing summarizing feedback is at a rather preliminary stage. Specific weaknesses and strengths of the user should ideally be identified and feedback given, directing the user to further knowledge acquisition. This may then channel into the traditional multimedia productions and internet services that contain huge resources. Intelligent software may, in future, allow full-scale "hybrid" simulators to function autonomously. In a hybrid simulator, software identical to the advanced microsimulators runs the simulation. However, compared to a microsimulator, the user interface is a physical device (e.g., a manikin or part thereof). This may compensate for some of the limitations of the existing full-scale simulators. Particularly, it is important that access to such a simulator is easier and that feedback can be either generated entirely or supported by intelligent technology. However, hybrid simulators will only partly be able to compensate the limitations of full-scale simulators. The basic lack of extensive accessibility will not be solved by building autonomous macrosimulators. Simulator choice must be based on a careful consideration and analysis of the aims of the teaching session. In many cases, the depth and range of topics to be covered is complex, and requires several different strategies. One way of structuring simulator training is presented in Table 3 . The base levels, level 1 and level 2, may be seen as prerequisites to level 3 training, but further research is needed to clarify this issue.
Conclusion
Four types of educational simulators are available for medical education: simple (part task) and complex microsimulators, and simple and complex macrosimulators (full-scale simulators). There has been a tendency to see full-scale simulators as the ideal solution for all educational simulator training. However, each of the above Integration of a range of Full-scale, complex macrosimulator psychomotor, cognitive, and interpersonal skills groups has different strengths and weaknesses in achieving educational goals. Microsimulators are a complementary tool to full-scale and other macrosimulators. Their role in medical education will become increasingly important due to the fact that it is now possible to make intelligent, autonomous microsimulators. Using a combination of microsimulators and macrosimulators will allow a wide range of cognitive and behavioral skills to be taught. The development of microsimulators should-as soon as the realism is sufficient-focus on the intelligent, educational feedback in the debriefing. This challenge for microsimulators may become their greatest asset in medical education.
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Note
1. Simple macrosimulators are typically manikins, virtual reality simulators or dummy limbs for training intubation, insertion of catheters, endoscopy, ultrasound diagnosis, and so on. They differ from complex simulators by focusing on specific tasks or procedures rather than the entire, complex, problem-solving procedure.
